Background: Nonpegylated liposomal doxorubicin liposomal doxorubicin, (Myocet™; Sopherion Therapeutics, Inc Canada, and Cephalon, Europe) (NPLD; Myocet ® ) in combination with trastuzumabHerceptin ® (Hoffmann-La Roche) has shown promising activity and cardiac safety. We conducted a randomized phase III trial of first-line NPLD plus trastuzumab and paclitaxel (Pharmachemie B.V.) (MTP) versus trastuzumab plus paclitaxel (TP) in patients with human epidermal growth factor 2 receptor (HER2)-positive metastatic breast cancer.
introduction
The human epidermal growth factor 2 receptor (HER2) is a transmembrane tyrosine kinase that regulates cell growth, differentiation, and survival [1] . Overexpression of the HER2 protein or amplification of the HER2 gene occur in ∼20% of breast cancers (BCs) and are associated with poor prognosis [2, 3] . Trastuzumab, a humanized monoclonal antibody, targeting the extracellular domain of the HER2 protein, in combination with chemotherapy, improves disease-free and overall survival (OS) when compared with chemotherapy alone in patients with HER2-positive advanced BC [4] . Additional therapies directed at HER2 have since become available.
In its initial phase III randomized registrational trial, trastuzumab was combined with an anthracycline (doxorubicin or epirubicin) and cyclophosphamide (AC) in patients with no prior anthracycline therapy, or with paclitaxel (P) in patients who had received adjuvant anthracycline [4] . Addition of trastuzumab significantly prolonged time-to-disease progression and OS when compared with chemotherapy alone. Cardiotoxicity, however, was significant, with 16% New York Heart Association (NYHA) Class III-IV heart failure on the trastuzumab-AC arm compared with 3% with AC alone and similarly low rates in both paclitaxel-containing arms. Given the efficacy of anthracyclines in the management of BC, several strategies have been devised ranging from the sequential administration to careful cardiac monitoring [5] [6] [7] . Still, administration of trastuzumab with doxorubicin remains problematic and potentially underutilized.
A possible strategy to avoid the increased cardiac risk of the concomitant administration is the use of less cardiotoxic anthracyclines. Nonpegylated liposomal doxorubicin [NPLD, Myocet™, Sopherion (Canada) and Cephalon-Teva] is a nanotechnology product intended to passively accumulate into solid malignancies through gaps in the tumor microvasculature [8] , while circumventing cardiac uptake. It has been shown to reduce the cardiac risk associated with conventional doxorubicin therapy in doxorubicin-naïve patients with metastatic BC (MBC), while preserving clinical activity, and is commercially available in Canada and in the EU [9, 10] .
The three-drug combinations of NPLD, trastuzumab, and paclitaxel (MTP) was first investigated in a phase I-II trial, as first-line treatment of patients with HER2-overexpressing locally advanced BC or MBC and no prior exposure to anthracyclines, taxanes, or trastuzumab [11] . No patient developed treatmentrelated symptomatic congestive heart failure (CHF). Asymptomatic protocol-defined cardiac dysfunction was found in 11 (17%) of 54 patients at the recommended dose. Left ventricular ejection fraction (LVEF) recovered to ≥50% in eight patients and to >45% in the remaining three patients. Among 26 patients with MBC, 25 responded, median time to progression was 22.1 months and median OS was 40.4 months.
On the basis of the above results, a prospective, randomized phase III study (STM01-102) was designed in patients with HER2-overexpressing MBC and no prior chemotherapy for metastatic disease.
patients and methods patients
Women with documented HER2-positive MBC who had received no prior chemotherapy for metastasic disease were eligible. Full eligibility criteria are published online.
study design and treatment
This prospective randomized phase III study aimed to compare the efficacy (progression-free survival, PFS) and safety of trastuzumab and paclitaxel with or without NLPD in patients with HER2-overexpressing MBC who had received no prior chemotherapy for their metastatic disease. Please refer to supplementary Material, available at Annals of Oncology online for further details.
study assessments
Tumor assessments were carried out using RECIST [12] at baseline, following every third cycle, and every 3 months post-treatment until disease progression or initiation of an alternate anticancer therapy. A computed tomography of the chest/abdomen/pelvis was required at baseline. Bone scans were to be done in the presence of symptoms or elevated alkaline phosphatase. Toxicities were graded according to NCI CTCAE, Version 3.0, except for modified lower limits of the normal range for leukocytes (4000 cells/µl), neutrophils (2000 cells/µl), and platelets (100 000 cells/µl). LVEF was measured at baseline and through the study by MUGA scan and echocardiogram. The same method of assessment was to be used in every patient throughout the study. Cardiac death was defined as death due to confirmed CHF, myocardial infarction (MI), documented primary arrhythmia, or sudden unexplained death. Additional secondary safety end points included laboratory abnormalities, worst-grade adverse events (AEs), serious AEs, and deaths.
Tumor response (based on RECIST) was evaluated by the investigators and retrospectively by the independent review committee (IRC) (Beacon Bioscience, Doylestown, PA, USA). The cardiac monitoring plan was developed based on the cardiac safety monitoring plan proposed by the National Surgical Adjuvant Breast and Bowel Project (NSABP) in protocol B31 [10] . LVEF measurements were also assessed blindly by the IRC. All cardiac events were adjudicated by the Cardiac Safety Monitoring Committee (CSMC). A data safety monitoring board periodically reviewed all available safety information.
statistical analysis
The sample size was determined based on a historical median PFS of <8 months with the combination of trastuzumab and paclitaxel, and based on the assumptions that the addition of NPLD would reduce the failure rate by ∼30%. Efficacy end points were analyzed on an intent-to-treat basis. The statistical analysis is published in supplementary Material, available at Annals of Oncology online .
results patients and treatment exposure
Between July 2006 and March 2009, 363 patients from 83 centers in 12 countries were randomly assigned to receive NPLD plus trastuzumab and paclitaxel (MTP, n = 181) or trastuzumab and paclitaxel (TP, n = 182). Three patients were randomly assigned, but never received any study treatment (supplementary Figure S1 , available at Annals of Oncology online). Two patients, randomly assigned to MTP, HER2, and FISH-negative, and one patient, randomly assigned to TP, both decided to receive standard treatment locally. Thus, the safety population consisted of 360 treated patients. As of the 30 June 2010 cut-off date for the primary analysis, the median follow-up time was 31 months. Forty-two (12%) patients were still receiving study treatment, and 318 (88%) had discontinued. The most frequent reasons for discontinuation were investigator-determined progressive disease, patient request, and toxicity. Eight patients, four in each arm, discontinued for a cardiac event. An updated survival analysis was conducted after a median followup time of 44 months.
The two treatment groups were well balanced for demographics, pretreatment characteristics, and extent of disease (supplementary Table S1 , available at Annals of Oncology on line). In both groups, 62% of the patients had a performance status of 0. One-third of the patients had prior exposure to anthracyclines; 1% and 2% of the patients in the MTP and TP arms, respectively, had received trastuzumab previously.
A full treatment of NPLD therapy (six cycles) could be given to 72% of the patients. The median relative dose intensity of paclitaxel was reduced in the MPT arm when compared with the PT group (76% versus 95%). Primary prophylaxis with hematopoietic growth factors was administered to 124 patients in the MPT arm and 17 in the PT arm. Post-treatment therapies were balanced between treatment arms. There was no cross-over therapy with NPLD.
efficacy
The trial failed to detect a statistically significant difference in the primary end point (Figure 1A and supplementary Table S2 , available at Annals of Oncology online). The median PFS by the IRC (237 events) was 16.1 months in the MTP arm versus 14.5 months in the TP arm (P = 0.174).
Hormone receptor status appeared to be of predictive significance. There were 177 patients with ER-and PR-negative tumors, 89 in the MTP arm and 88 in the PT, whereas 30 had unknown ER/PR status. Pretreatment characteristics in the subset of patients with ER-and PR-negative tumors were similar in both the MTP and TP arms (data not shown). The PFS analysis by prespecified strata revealed a trend favoring the MTP arm over the control arm in the ER−PR− stratum (also including unknown status), while no difference was detected among the ER+PR+ patients ( Figure 2A ). The exploratory analysis of PFS restricted to the 177 ER− and PR− patients (excluding unknown status) yielded a median PFS of 20.7 months in the MTP arm and 14.0 months in the TP arm (P = 0.042) ( Figure 3A) .
The interim OS analysis by the cut-off date of 30 June 2010 was based on 175 events, 82 (45%) in the MTP arm and 93 (51%) in the control arm (supplementary Table S2 , available at Annals of Oncology online). A total of 30 patients were lost to follow-up for survival, 13 (7.2%) in the MTP group and 17 0  6  12  18  24  30  36  42  48  54  60  66   PT   MPT   1  8  18  29  49  73  103  122  144  162  182  PT   At risk   3  11  29  46  67  86  105  130  147  161 0  3  6  9  12  15  18  21  24  27  30  33  36  39  42  45   PT  MPT   3  7  14  22  31  40  53  69  88  111  134  156  182  PT   At risk   3  5  9  15  20  28  45  58  70  88  110  137  161 and supplementary Table S2 , available at Annals of Oncology online), with corresponding medians of 33.6 versus 29.0 months, respectively (P = 0.083). The OS analysis by prespecified strata revealed that most of the apparent OS benefit was derived from the ER−PR− stratum (also including unknown status) ( Figure 2B ). The exploratory OS analysis restricted to the 177 patients with ER− and PR− patients negative status (excluding unknown status) yielded a median OS of 38.2 months for the MTP arm and 27.9 months for the TP arm (P = 0.018) ( Figure 3B ).
There was no significant difference in PFS or OS by any of the other prespecified stratification factors, including the use of prior anthracyclines.
Patients who were nonassessable for tumor response (12 in the MTP arm and 13 in the TP arm) were considered nonresponders. Response rates were comparable (67% versus 62%), whereas response duration was numerically longer in the MTP arm than in the control arm (18.1 versus 15.3 months) (supplementary Table S2 , available at Annals of Oncology online). Myelosuppression was the most frequent adverse reaction associated with the MTP arm (Table 1) . It consisted of severe leucopenia and neutropenia as well as mild-to-moderate anemia and thrombocytopenia. The higher degree of myelosuppression in the MTP arm led to more transfusions, more febrile neutropenia, and more anti-infective therapy, although the incidence of infective episodes was similar in both arms. There was also a 0  3  6  9  12  15  18  21  24  27  30  33  36  39  42  45   PT   MPT   2  4  5  9  14  17  21  33  44  55  65  76  88  PT   At risk   2  2  3  8  9  16  27  33  42  50  59  71  82 0  6  12  18  24  30  36  42  48  54  60  66   PT   MPT   4  10  14  21  31  46  56  66  75  88  PT   At risk   2  6  16  26  37  45  55  65  74  80 higher incidence of predominantly mild-to-moderate stomatitis and gastrointestinal intolerance in the MTP arm as well as more mild-to-moderate liver function tests alterations. Of note, handfoot syndrome occurred in 8 (4.5%) patients in the MTP arm and 3 (1.7%) in the TP arm, with severe manifestations in a single patient in both arms (grade 3 in both cases). AEs, including treatment-related toxicities and deaths, led to more treatment discontinuations (23% versus 15%, supplementary Figure S1 , available at Annals of Oncology online) and hospitalizations (23% versus 15%) in the MTP arm. The incidence of deaths within 30 days of last study therapy was similar in both treatment arms (5% versus 6%).
discussion
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One of the main objectives of the trial was to provide conclusive evidence that NPLD could be safely administered concomitantly with trastuzumab. Previous trials had already shown greater cardiac safety with NPLD when compared with doxorubicin [9, 10] as well as its safety in combination with trastuzumab [11] . This trial extends these observations and supports its cardiac safety when administered concomitantly with trastuzumab and paclitaxel. Of note, the overall incidence of hand-foot syndrome in the MPT arm was <5%, and the incidence of severe handfoot syndrome was 1% in each arm. Doxorubicin is one of the most active chemotherapeutic agents against BC. Its concomitant use with trastuzumab is limited by confounding cardiac toxicity, warranting the development of anthracyclines with reduced cardiac toxicity for patients with HER2-positive BC. Trial STM01-102 may not have been adequately powered to demonstrate a significant improvement in clinical outcomes with the addition of M to the TP regimen when given as first-line treatment to an unselected patient population with HER2-overexpressing MBC. However, the encouraging PFS and OS results observed in patients with ER-and PR-negative tumors, as well as the cardiac safety of the MTP combination, suggest that NPLD deserves consideration for further clinical trials in HER2-positive BC in order to further define the benefits of this agent versus the potential added costs and associated health risks.
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